able. Pharmacokinetic parameters - STIS71 i.v. and p.o.
Capsule (400 mg) Solution (400 mg) LV, infusion (100 mg)

toax(h)* 2.5(1.0-6.0) 2.0(1.5-4.0) 1.0 (0.5-1.0)

Cunax (ng/mL) 1822 + 1193 1848 + 805 1206 + 295
t% (h) 179+3.1 183+£27 21.9+4.3

AUCyy (ngeb/mL) 31976 £ 16329 30105 + 9463 7556 + 2136

AUC,.. (ngeh/mL) 32640 + 16501 30729 £ 9573 7836 + 2185

* median (range), others are mean+SD

Table. Absolute and relative bioavailability of ST1571
Capsule (400 mg) Solution (400 mg) 1.V, infusion (100 mg)

AUCq.. (ng°h/mL) . 32640 30729 7836
(arithmetic mean)
AUCq... (ng*h/mL) 29607 29261 7527
(geometric mean)
F (absolute bioavailability) 98.3% 97.2% Reference
(90% CD (87.3%-111%) (86.3%-110)
F (relative bioavailability) 101.3%* reference
(90% CD (90.8%-112.9%)*

* the reviewer’s calculation

The ratio of Cruex of STIS71 between treatments of solution (400 mg) and capsule (400 mg) was
107.3% with 90% confidence interval of 96.7% to 119.1%.

No significant abnormalities in laboratory values, vitals signs or ECGs were reported in this
study.

Conclusions:
1. This study showed that the bioavailability of STIS71 tablets is greater than 97%.

2. Based on the data provided, the bioequivalence between the capsule formulation and oral
solution has been established.

APPEARS THIS WAY —
ON ORIGINAL
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4. Drug Interactign Study 0119, Volume 1.40

Study title: An open-label, randomized, crossover study to investigate the effects of
ketoconazole (a potent inhibitor of CYP450 3A4) on the pharmacokinetics of
STIS71.

Investigator & Location: ).

Drug Formulation: STIS71 100mg hard gelatin capsules (Batch No. X023 0100, Formulation
No. KN 3759594.00.001). Ketoconazole 200 mg Tablets (Nizoral®)

Study period: Sep. 8, 2000 to Nov. 3, 2000

Objectives:

— Primary objective is to investigate the effect of the coadministration of ketoconazole on the
pharmacokinetics of STI5S71. Secondary objective is to investigate the tolerability of STIS71
alone or in combination with ketoconazole.

Subjects: Fourteen healthy non-smoking subjects (13 males and 1 post-menopausal or sterile
female) between 40 and 60 years of age were enrolled in this study.

Study Design:

This was a single center, open-label, randomized crossover design study. Each subject received
an oral dose of 200 mg of STIS71 in capsule form immediately after breakfast in the presence or
absence of the oral coadministration of 400 mg ketoconazole in different sequences with a
minimum 7-day washout period. Subjects were allocated at random to one of two treatment
sequences.

For each subject went through a 21-day screening period, the two treatment periods each
containing a baseline evaluation (12-14 hours prior to dosing), the drug administration and a 48-
hour post-dose observation and PK sampling phase, and a study completion evaluation about 96
h after the last dosing. Blood samples for determination of STIS71 plasma concentrations were
taken up to 96 hours after dosing.

To investigate the effects of ketoconazole on the PK of STI571, the parameters: AUCq,, AUCo -,
Crnaxs tmaxs tin, VZ/f and CL/f were determined for STIS71 and the major metabolite CGP 74588.
The data were analyzed by an analysis of variance and by confidence intervals for the ratio
STI571+ketoconazole/STIS71. A "no-effect” boundary was defined as (0.75, 1.50).

For evaluation of safety and tolerability, physical examination, electrocardiogram (ECG), vital

signs, laboratory safety evaluations (hematology, blood chemistry, urinalysis), special laboratory
evaluation (genotyping-of CYP2D6), monitoring of adverse events (AEs) were performed.
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Results: &
Assay performance:
STI571 and CGP74588 were determmed in plasma LC/MS/MS. The analyses were performed on
a: . " LC was carried outon a ! )
column. Samples were prepared using protein precipitation with
acetonitrile.

The assay is acceptable based on the current standard.

Pharmacokinetics: ‘

Following ketoconazole coadministration, the mean STI571 Cpax, AUCo.24 and AUC... increased
significantly by 26% (p<0.005), 40% (p<0.0005) and 40% (p<0.0005), respectively. There was a
statistically significant decrease in CL/F with a mean reduction of 28.6% (p<0.0005). For the
metabolite, the mean Cpnax and AUCy24 of CGP74588 decreased significantly by 22.6%
(p<0.005) and 13% (p<0.05) after ketoconazole treatment. However, the AUCy... only decreased
by 5% and this decrease was not statistically significant (p=0.28). The Figure below shows the
mean plasma concentrations of STI571 following oral administration of STI571 alone and
combined with ketoconazole

STIS571 alone: open squares, ST1571 plus ketoconazole: open circles.
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The followmg figure compares AUC,.54 of STI571 followmg oral administration of STIS71 alone
and combined with ketoconazole.
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QO STI571 alone
B STIS571 + ketoconazoie

AUCq 3 (9. him)
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The following table presents STI5S71 PK parameters following oral administration of 200 mg
STI571 alone and combined with oral administration of 400 mg ketoconazole

STIS71 plus ketoconazoele STIS71 alone

tmax (h)* 4.0 (2.0-6.0) 2.5(1.5-4.0)
Cmax (ng/mL) 1213 = 528 942 + 311
tin (h) 19.2 £ 4.5 20.5 + 44
AUC(0-24) (ngeh/mL) 13498 + 5561 9618 = 4191
AUC(0-<=) (ng-l/mL) 19667 = 8932 14228 = 7359
VZF (L) 318 £ 113 472 £ 163
CLF (L/h) 116 £ 40 163 £ 5.5
all unflagged values are mean +* SD
* = median (range)

The ratios of AUC and Cpe for 'STIS71+ketoconazole’/STIS71' and corresponding 90%-
confidence-Intervals (%) for STI571 and CGP74588 are shown in the following mbles.

Species Paramcters  Ratio (combination/STIS71 alone)  90% confidence interval

STIS71 AUCpn 140.1 131.0-149.9
Coas 125.7 112.3-140.7

CGP74588 __ AUCo- 95.0 87.5-103.0
Conax 774 68.7-87.4

In individual patients, STI571 AUC,... increased from 7% to 78% and the Cmax changed from -
9% to 225% when co-adtmmstered with ketoconazole.

Comments
1. The justification for setting the non-effect boundary as 0.7-1.5 has not been provided.

2. Them was a significant increase in exposure to STIS71 in healthy volunteers when co-
administered with ketoconazole. Although healthy subjects tolerated increased STI571
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exposure, cautipn should be taken when administering STI571 with inhibitors of the CYP3A
family. *--

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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5. Drug lnteracﬁéq Study Preliminary Report : Volume 1.41

Study title: An open-label, non-randomized, one-sequence crossover study to investigate the
effects of STIS71 on the pharmacokinetics of simvastatin in patients with chronic myeloid
leukemia.

Investigators & Location:
Dr Thomas Fisher, III. . Dr Stephen
G O'Brien, T I

Report authors: Dr. Bin Peng and Dr Catherine Dutreix (Clinical Pharmacology), Dr. Renaud
Capdeville (Clinical Research and Development) Novartis, Basel, Switzerland.

Study Formulation: STIS71, 100mg hard gelatin capsule.

Study period: Oct. 27, 2000 to Jan. 17, 2001

Objectives:

Primary objective was to investigate the effect of the coadministration of STIS71 on the
pharmacokinetics of simvastatin. Secondary objective was to investigate the tolerability of
STI571 alone or in combination with simvastatin.

Subjects: Twenty patients with chronic myeloid leukemia who are hematologically or
cytogenetically resistant or refractory to interferon-alpha, or intolerant of, interferon-alpha
entered and completed the study. This report describes only preliminary data on 9 patients.

Study Design: —

This was an open-label, non-randomized, one-sequence crossover design study conducted in two
centers. Each patient received an oral dose of 40 mg of simvastatin on study day 1. On days 2 -
7, each patient received 400 mg STI5S71 QD orally. On study day 8 an oral dose of 400 mg
STIS71 capsule together with 40 mg simvastatin orally was given. There was no washout phase
for STI571 between treatments. It was foreseen that all patients participating in this study
continued their STIS71 treatment.

For each patient there was a 21-day screening period; the treatment period consisting of a
bascline evattlationt, the drag administration on study days 1 - 8 and a study completion
evaluation 24 h after the last dosing (study day 9). Blood samples were collected at predose, 0.5,
1,2,3,4,6,8, 10, 12 and 24 hr. post dose for simvastatin and before and 24 hr. post dose for
trough level of STIS71.

Results: :
The preliminary results showed that coadministration of STIS71 increased the Cmax of
simvastatin about 2-fold and AUC,... about 3.5-fold compared to those of simvastatin alone. Also
the half-life of simvastatin was prolonged from 1.4 to 3.2 h as shown in the following table and

figures. S
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( Table. Simvastatin PK parameters following oral administration of 40 mg Simvastatin
- alone and combined with oral administration of 400 mg STIS71

Simvastatin Simvastatin plus STIS71
tmex (h) * 1.6 (0.5 - 4.0) 1.7(1.0-3.0)
Crnax (ng/mL) 19.9+£21.0 379+£21.1
tin (h) 1.4+0.9 3223
AUCq.iua (ngeh/mL) 320+254 121.9 £ 96.1
AUC¢. (ng°h/mL) 35.8+26.3 133.1 £ 103.2
Vz/F (L) 2902 £2129 1657 £ 870
CL/F (L'h) 1567.3 +£911.6 434.6 + 216.5
all unflagged values are mean + SD
* = median (range)

Figure. Mean plasma concentrations of simvastatin following oral administration of ;
simvastatin alone and combined with STIS71. Simvastatin 40 mg (open circles),
Simvastatin 40 mg and STI571 400 mg once daily for 7 days (open squares)

~
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Figure. Comparison of AUCy. s of simvastatin following oral administration of 40 mg
simvastatin alone and combined with STI5S71 400 mg.
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Comments:

1. Although this is a one-sequence study and there was no washout period between treatments,
results showed that coadministration of STIS71 increased the Cnax of simvastatin about 2-
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fold (the indivigual data were not provided) and AUCq... about 3.5-fold (ranged from 1.5- to
6- fold) compared to those of simvastatin alone. Also the half-life of simvastatin was
prolonged from 1.4 to 3.2 h.

2. The final report should be submitted for review when it is available.

— APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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6. In vitro metabdi;m studies Volumes 1.33-1.35

Study titles:

1. DMPK(CH) 1997/038 Metabolic stability of {C-14]JCGP57148B in vitro. Species comparison
using S12 liver fractions from rat, dog and man

2. DMPK(US) R99-015 Metabolism of STIS71 by liver slices from human and monkey

3. DMPK(CH) 1997/564 Identification of the human cytochrome P450 isozyme(s) involved in
the biotransformation of STI571 in vitro

4. DMPK(CH) R98-296 Evaluation of STIS71 as an inhibitor of human P450 enzymes

DMPK(CH) R99-1880 Effect of STI5S71 on 5-fluorouracil metabolism in human liver cytosol

DMPK(CH) R00-963 Inhibition of the oxidative metabolism of STI5S71 by various

comedications in human liver microsomes

7. DMPK(CH) R00-1730 Inhibition of the metabolism of [C-14]STI571 by its major oxidative
metabolite CGP74588 in human liver microsomes

8. DMPK(CH) R00-1539 Inhibition of CYP2C8-dependent paclitaxel 6-alpha-hydroxylation by
STIS71

9. DMPK(CH) R00-1540 Effect of CGP74588 on the metabolism of P450 isozyme-specific
marker substrates in human liver microsomes

o W

Study summary and Comments:

1. Metabolism of STI571 by Liver Slices
N-desmethyl STI571 was the major metabolite produced by liver slices produced from one
human liver. T

2. Identification of CYP450s Associated with the Biotransformation of STIS71 in Vitro

CYP3A4 is the major enzyme responsible for the biotransformation of STIS71 in human liver
microsome and in cDNA recombinant microsomes expressing specific CYP enzymes.

CYP1A2, CYP2C8, CYP2C9, CYP2C19, and CYP2D6 played a minor role in the
biotransformation of STI-571 both in the pooled liver microsomes and in the recombinant
microsomes.

N-desmethyl derivative of STIS71 was the major metabolite formed predominantly via CYP3A4.
CYP3AS and-CYP2D6 may play a minor role in the formation of the metabolite.

P6 and P7, two minor oxidative metabolites are formed by CYP 3A4, CYP2C, CYP2D6, and
CYP1A2 isoenzymes.

In pooled human liver microsomes, 65% of the biotransformation was inhibited by ketoconazole
at 1 to 2 umole/L concentrations establishing the predominant role of CYP3A4 in the
metabolism of STIS71. Cyclosporin A also inhibited the formation of the metabolites with an
ICso value of 4.4 pumole/L at STI concentration of 25 pmole/L.
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lE;.Nalues of Various Drugs in Human Liver Microsomes

Ketoconazole <0.5
Cyclosporin A 44
Erythromycin 50
Doxorubicin 63
Paclitaxel 70
Ethynylestradiol 63
Terfenadine 54
Astemizole 86
Tamoxifen 200
Carbamazepine > 200
Warfarin > 200
Vincristine > 200
Prednisone > 200
Cimetidine > 200

STIS71 concentration: 25 pmole/L.

Quinidine and Sulphaphenazole, inhibitors of CYP2D6 and CYP2C9, respectively, at 4 pmole/L
concentration didn’t inhibit biotransformation of STI571.

3. Inhibition of CYP450 Enzymes by STI571

Human liver microsome studies demonstrated that STI5S71 was a potent competitive inhibitor of
CYP2C9, CYP2D6 and CYP3A4/5 with K; values of 27, 7.5, and 8 umole/L, respectively.

STIS71 appears to be a competitive inhibitor of CYP1A2, CYP2A6, and CYP2C19 with
estimated ICso values of 410, 230, and 120 umole/L, respectively.

STIS71 didn’t inhibit CYP2B6, CYP2E1, and CYP4A9/11.

4. Inhibition of 5-FU by STI571

In a pool of WSOI prepared from 10 individual donors, STI at 50 pmole/L concentration
didn’t inhibit metabolism of 5-FU (5 uM.) STIS71 is possibly not an inhibitor of cytosolic
dihydropyrimidine dehydrogenase, enzyme involved in the catabolism of 5-FU.

§. Inhibition of ST1 Metabolism by Various Comedications

In pooled human liver microsome, erythromycin and fluconazole inhibited the metabolism of
STI571 with ICs values of 50 and 118 pmole/L.
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Acetaminophen, awclovxr, allopurinol, amphotericin, cytarabine, hydroxyurea, norfloxacin, and
pemcxlhn V did not'inhibit metabolism of STI571 in human liver microsome.

6. Inhibition of the Metabolism of STIS?1 by its Major Oxidative Metabolite CGP74588

CGP74588 (N-desmethyl derivative of STI571) inhibited its own formation with a K; value of 21
MM. The overall oxidative metabolism of STI571 was inhibited by CGP74588 with a KI value of
59 UM.

The Km and Vmax values of CGP74588 formation from STIS71 are 7.8 uM and 139 pmol
CGP74588/min/mg.

7. Inhibition of CYP2C8 Dependent Paclitaxel metabolism by STI571

STI571 inhibited 6a-hydroxypaclitaxel formation with an ICso of 99 MM at paclitaxel
concentration of 7.5uM. There is a low potential for inhibition of Paclitaxel metabolism by
STIS71. .

8. Inhibition of CYP450 Enzymes by the Major Metabolite (CGP74588) of STI571

In human liver microsome, CGP74588 inhibited CYP 3A4/5 (testosterone 6P-hydroxylation),
CYP2C9 (S-warfarin 7-hydroxylation), and CYP2D6 (bufuralol 1’-hydroxylation) with K; values
of 13.7, 40.3, and 13.5 puM, respectively.

CGP74588 1Csy Values for Various CYP450 Enzymes

Specifie Activity s K (UM) for  Substrate
Enzymes ) the Reaction  Concentration ( )
CYP 1A2  Phenacetin O-deethylation 65 43 10
CYP2C8  Paclitaxel 6a-hydroxylation 99 5 7.5
CYP2C19 S-mephenytoin 4’-hydroxylation 112 5.7 24
CYP2EI Chlorzoxazone 6-hydroxylation NI 30

NI : No inhibition at 250 uM concentration of CGP74588

KPPEARS THIS WAY
" ON ORIGINAL
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7. In vitro proteininding studies Volumes 1.32-1.33

Study titles:

1. BPK(CH)1995/116 Plasma protein binding of CGP57148 (preliminary study)

2. DMPK(F) 1998/035 In vitro blood distribution and binding of CGP57148B to plasma (or
serum) proteins from human, dog, rat and cynomolgus monkey

3. DMPK(F) R99-010 In vitro blood distribution and binding of STI571 to human plasma
proteins

4. DMPK(CH) R99-2582 In vitro binding of C-14 labeled STIS71 to human alpha-acid
glycoprotein

5. DMPK(US) R99-2667 Interspecies scaling based on a physiologically-based
pharmacokinetic model

Study Summary and Comments:

1. The studies revealed concentration dependent human plasma protein binding.

Concentration in plasma % bound Study Mecthods

pg/mL 95% DMPK(F) 1998/035  "“C-label, Ultrafiltration
pg/mL 93% DMPK(F) R99-010 "*C-labelled
“pg/mL 91% BPK(CH)1995/116 Ultrafiltration

\pg/mL 86% DMPK(F) 1998/035 '*C-label, Ultrafiltration

3. Fraction bound in erythrocytes

Concentration in plasma % bound Study
‘pg/mL 13 -40% DMPK(F) 1998035 .
pg/mL 44% DMPK(F) R99-010

4. Major binding proteins were albumin (30%), al-acid glycoprotein (11%), gamma globulins
(1.1%), HDL (4.7%), LDL (2.3%), VLDL (1.4%) as shown in the following figure.
30%

25%
’ - x *

\-

FE

5. The protein binding of the major metabolite CGP74588 has not been studied. Therefore,_ the
contribution of the major metabolite of STI 571, N-demethylated piperazine derivative, in the
overall pharmacologic or toxic effect of Gleevec could not be-assessed.”
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8. Food Effect S&dy. CSTIS71 0109 Extension and 0110 Amendment 2 Volume 1.38
Study title: A phase II study to investigate the effects of a fat-rich meal on the bioavailability of

STI 571 and its N-desmethyl metabolite (CGS 74588) in patients suffering from chronic myeloid
leukemnia (CML).

Investigators & Location: Dr. Th. Fischer,

Study Formulation: STI571, 100 mg hard gelatin capsule with the following specifications.

3752425.00.001 B990034
3752425.00.001 X3570999
3752425.00.002 X4051199

Study period: Jan. 10, 2000 to Apr. 10, 2000

Objectives: To evaluate the effect of food on the bioavailability of STI 571. The primary aims of ;

the source studies were to determine the rate of hematological response in patients suffering from
leukemia treated with STI 571 as demonstrated by a decrease in the percentage of Philadelphia
(Ph) chromosome-positive cells in the bone marrow, in patients who were hematologically or
cytogenetically resistant or refractory to interferon-alpha. Secondary aims included the
determination of the rate and duration of complete hematological response, evaluation of the
duration of complete and major cytogenetic responses, the safety profile and improvement of
symptomatic parameters, the time to accelerated disease, or blast crisis and the overall survival.

Subjects: A total of 10 patients completed the study.

Study Design: ‘

This was an open-label, one-center, crossover study carried out in 10 patients suffering from
CML. The patients were participating in either study CSTI571 0109 (n=4) or CSTI571 0110
(n=6) and were randomized to either sequence A or B (A = fasted - fed and B = fed - fasted) in a
two-way crossover study. On Day 8, after at least 7 days therapy with the study drug at a daily
dose of 400 mg orally (p.o.), patients were hospitalized and received a 400 mg dose of STI571
either with or-without the standardized high-fat containing breakfast according to randomization.
During the Subséquent 24 hours blood samples were collected for pharmacokinetic (PK)
determinations. The patients returned on day 15 and participated in the crossover arm of the
study. Blood samples (8 mL) for PK evaluations were collected prior to drug administration and
at 1, 1.5, 2, 3, 4, 8, 10 and 24 hours post-dose. -
The standardized high-fat meal employed in the study consisted of: 2 eggs fried in butter, 2
rasher$- of bacon, 4 slices of toast, 10 g butter, 20-g jam and 200 mL of whole milk which
corresponds to approximately 150 protein calories, 250 carbohydrate calories and 500-600 fat
calories. Fasting conditions were defined as an overnight fast of at least 10 hours and no food
was allowed for at least 4 hours post-dose. o

67

-



N

&
The non-compartrféntal PK parameters toux, Cmaxs Az, 1172, AUCias, and AUCior Were calculated
from the plasma concentration-time profiles.

The statistical hypothesis Ho (high-fat containing meal does not change a PK parameter) versus
H1 (high-fat containing meal does change a PK parameter) was tested.

Results:

Assay performance:
STI571 and CGP74588 were determined in plasma LC/MS/MS. The analyses were performed on

a. LC was carried out on a
column. Samples were prepared using protein precipitation with

acetonitrile.

R T T AR T AT R e TR
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The precision CV% ranges exceeding{ % are not acceptable.

Pharmacokinetics:
The plasma concentration profiles following administration of STIS71 with or without food are

shown in the following figure.
Fgure Mean piasme in CML g orel
sdminigtration of STIST1 (400 mg) with either fasted (A) or fed (B)
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The arithmetic meéns of the PK parameters for STI 571 and its N-desmethyl metabolite after
administration in the fasted and fed states are summarized in the following table.

ST1 571 N-desmethyl metabolite
PK parameter Fasted Fed Fasted Fed
togx () 27(x1.2) 3.7(x0.5) JA£19) 4.0(z 1.6)
Co (ng/mb) 2816.9 (£ 1366.0) 2406.9 (£929.1) 516.1( + 264.3) 402.5( = 118.8)
Ay 0.05 (£ 0.01) 0.04 (£0.01) 0.02( = 0.01) 0.03(:~.01)
tiz (h) 15.1 (£ 5.0) 17.1 (2 4.8) 39.3( £ 34.5) 30.7( = 12.6)
AUGCo ;4 (ngelvml) | 36341.5(+ 16571.9) | 33220.6( = 13717.0) | 8039.0( + 3540.8) 6707.9( = 1877.8)

The fed:fasted ratios for AUCq.inr, AUCo.24, Cmax and corresponding 90% confidence intervals
(%) derived by analysis of variance (ANOVA) for STI571 are presented in the following table.

Ratio 90% Confidence-Interval

10 93.0 04327 79.0-109.5

C% 10 88.7 0.1601 76.8 - 102.4
*Ratios and confidence intervals are based on least square means for In-transformed data.

Paramcter N

p-Valuce

The reviewer rechecked the calculation and the following results were obtained.

Parameter N Ratio  90°% Confidence-Interval

STIS7L  AUCoas 10  93.0 79.0-109.5
Cow 10 887 76.8- 1024

CGP AUCoz 10 888 76.0-103.8
74588 e 10842 70.7- 1003

As the tables show, when the drug was taken after consuming a fat-rich meal, tme, Was later,
AUC and Cy,, were lower and t;; was longer than when the drug was taken in the fasting state
for the parent drug. PK parameters for the N-methyl metabolite in the fed state showed a similar
pattern except for the fed state t;» which was shorter than in the fasting state. Although the
calculated 90% confidence limits for AUCg.2¢ of STIS71, AUCo.2¢ of CGP74588 and AUC.2¢ of
CGP74588 lie outside the range of 80-125%, the applicant concluded that the differences in PK
observed after food are not of potential clinical significance. The applicant also stated that the
study was underpowered to detect any difference between fed and fasting stages.

Comments:

1. The food effect study was conducted while patients were at steady state. It was difficult to
observe changes in the pharmacokinetic behavior of STIS71 once patients were at steady
state. A better approach would have been to conduct the fed or fasted portion of the study on
day 1 of the regimen or to conduct a single dose crossover study in healthy volunteers to
assess the effect of food on pharmacokinetics of STI571.
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2. The active metabolite CGP 74588 should have been taken into consideration when the food
effects were evaluated. Based on the reviewer’s calculation, AUCq,, and AUCyy of

CGP74588 lie outside the range of 80-125%.

3. The assay validation results showed that the precision (CV%) ranges cxcceding\ l/c» that is
not acceptable.
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9. Dissolution Testing

The formulation changes

Volume 1.3, 1.5

The following summarizes the formulation changes during drug development:

25mg | S0mg | SOm SOmg | 100mg | 100mg | 100mg |
37523834 3752417] 37524175 3752417 3752417{ 3752425§ 3752425] 3752425
00.001 | 00.001 { 00.002 | 00.003 | 00.004 | 00.001 | 00.002 | 00.003
ST s
Microcrystalline cellulose .
C -
Silica, colioidal anhydrous/colloidal silicon dioxide
Magnesium stearate
contents
Size |, light yellow 1o orange yellow N
f_§!_ze 1, orange to grayish orange, red fnkbn'r
| Size |, orange to grayish orange, red imprint NVR/SI )
Size 2, light yellow to orange yellow 1 ]
| Size 3, light yellow to orange yeliow
Size 3, light yellow to orange yellow, red inkbar .
Size 3, light yellow to orange yellow, red imprint NVR/. . |
Total capsule weight L 130 215 240 163 163 [ 163 | 304 306 SOE

* corresponds to 5, 25, 50 or 100mg base, respectively

[

It is noted that the non-commercial formulations (3752383.00.001 and 3752417.00.001) for -
25mg and 50mg strengths have been used in the clinical studies 03 001 (PK study), 0102 and

0109 (pivotal phase 2 studies).

The solubility in different pH

The pH solubility profile is shown in the following table.

Solvent

STI571 mesylate SOluLlllty % m/V (g/100 mi)

Buffer phosphate pH 5.5
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Selection of Dissofation Conditions

Dissolution rates 8f STIS71 capsules were determined using the basket apparatus (USP).
Dissolution profiles were obtained under various pH conditions: pH 1, pH 4.5, pH 6.8 and in
water (pH determination before and after dissolution testing) and are shown in the following
Figures and Tables.

STIS71 50mg Capsules, Batch X362 1199 100mg Capsules, Batch X364 1199
bk 'l " —
! ) fr—— ! "
G'L— w I——._ ! .t 1" n 11}

50 mg capsule Dissolution in

/IMean 994 995 996
Min

Max

ISrel (%)

Dissolutionin _ ____.

F'a

v[Mean 983 998 999
Min

Srel (%) |

Dissolution in

100.8

Dissolution in

{Mean 954 978 98 |
Min
Max |
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[Srel (%)
EH before

e

H after

100 mg capsule  Dissolution in .

101.8 102.8 102.8

Dissolution in

ean 979 101.7 1019 | —
in )

ax _ .
Srel (%) .

Dissolution in

ean 943 998 1004

hin

ISrel (%) 2.6 1.5 1.4

Dissolution in

E 96.2 995 998 I

H after

Speciﬂcatioh
Dissolution of STIS71 after© minutes: Not less than % (Q value) of the declared content

under the following conditions. —_

Apparatus: Basket method (Apparatus 1)
Speed: 100 rpm

Test medium: 0.1 N hydrochloric acid
Volume: 1000 mL

Temperature: 37 £ 0.5 °C
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The dissolution rge method has been validated with respect to selectivity, accuracy, precision,
linearity, and stabitity of solutions.

Replacement of dissolution testing by disintegration

The applicant proposes replacement of dissolution testing by disintegration. It is proposed to test
the dissolution of the first ten STIS71 50 mg and 100 mg Capsule production size batches at
release. If the batch data confirm the results obtained during development, the dissolution testing
will be replaced by the determination of the disintegration time according to Ph. Eur./USP for
release, with the following limit: “not longer than 10 minutes”. The dissolution test will be
maintained for stability testing of the drug product. However, based on the ICH Guideline Q6A
“Specifications: Test procedures and acceptance criteria for new drug substances and new drug
products: Chemical substances”, replacement of dissolution testing by disintegration is allowed
only when the criteria as set out in decision tree #7 of this guideline are met:

- Rapid dissolution (> 80% in 15 minutes) at pH 1.2, 4.0 and 6.8.
—  This criterion is fulfilled.

- High drug solubility at 37%0.5 °C throughout the physiological pH range (Dose/solubility
<250ml at pH range 1.2-6.8).
STI571 mesylate is freely soluble up to pH 5.5, then, solubility reduces at higher pH values.

- A relationship between disintegration and dissolution is determined.
A correlation between disintegration and dissolution data has not been determined.

Comments:
1. Based on the data provided, the dissolution specification can be set as follows.

Not less than| (% (Q value) of the declared content after/  /minutes under the following

conditions.

Apparatus: Basket method (Apparatus 1)
Speed: 100 rpm

Test medium: 0.1 N hydrochloric acid
Volume: 1000 mL

Temperature: 37 £ 0.5 °C

2. The replacement of dissolution testing by disintegration time is not appropriate based on the

following—~

» A corfelation between disintegration and dissolution data has not been determined.

» High drug -solubility at : throughout the physiological pH range has not been
established.
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APPENDIX L si;xsn TRANSPORT STUDIES CONSULT

S o umq;,_% DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service
5
i‘ c Food and Drug Administration
‘% Center for Drug Evaluation and Ressarch
L. Rockville, MD 20857

MEMORANDUM

Date: April 7, 2001 (revised 04/16/01)

To: Lawrence X. Yu, Ph.D.

From: Donna A. Volpe, Ph.D.

Subject: Review of Novartis STI 571 Transport Studies in Caco-2 Cell Monolayers
Purpose

Assess the permeability of STI 571 across Caco-2 cell monolayers to determine whether any efflux
mechanism is involved in STI 571 transport.

Methodology

Permeability calculations

e Standard method of apparent permeability (Pspp) according to the equation in Artursson & Karlsson,
(1991). :

¢ Effective permeability (P¢) determined from the slope of the linear plot of the clearance volumes vs.
time [Crowe & Lemaire, 1998].

Comments

* For BD Falcon™ cell culture inserts in the 24-well plate format (6.5 mm diameter), the apical and
basolateral volumes would be 0.1 mL and 0.6 mL, respectively. However, in sections 3.1 and 3.2 the
apical and basolateral volumes are listed as 0.5 mL and 1.5 mL, respectively, which is used in a 12-
well plate format (12 mm diameter).
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Format | Filtér Diameter | Apical Volume [ Basolateral Volume
12-well | 6.5 mm 0.2-0.35mL 0.7-09mL
24-well | 12 mm 04-1.0mL 14-23mL

(Source ~ Becton-Dickinson website [www.bdbiosciences.com/labware/Library/cellculture.html})
¢ In section 3.2, compound transport is described as taking place at pH 7.2 but the transport medium is

prepared at pH 7.4.

Results
Compound Concentration Pe (x10" cmv/sec)
AP-to-BL BL-to-AP
STI 571 I uM 095+£0.18 548+3.3
STI 571 50 uM 7.9+0.52 18.2+£1.8
STI 571 + Cyclosporine | 1 M + 10 pM 63£0.77 not listed
STI 571 + Verapamil 1 uM + 100 uM 10451+ 1.4 not listed
Mannitol not listed 0.29+0.1 not done
Propranolol not listed 263+1.5 not done

¢ There was concentration-dependent transport of STI 571 through Caco-2 cell monolayers (AP-to-BL)
as the Pe for S0 uM was approximately 8-fold greater than at 1 uM. However, in the BL-to-AP
direction P: was only about 3 times greater for 1 M than 50 uM.

¢ There was a difference in directional transport for STI 571, BL-to-AP transport was ~57-fold greater
than AP-to-BL at 1 uM STI 571. However, this difference was greatly reduced at 50 uM.

e Cyclosporine and verapamil increased the AP-to-BL permeability of STI 571 approximately 6- and
11-fold, respectively. This indicates that STI 571 may be an efflux pump substrate, most probably P-

zlyc0pr‘<;l,win-

¢ The authors suggest that efflux will play a limited role in the permeability of STI 571 at lower
intestinal segments with “intrinsic permeability to become the rate-limiting step for in vivo
absorption”. ‘ S

o Based on an estimated intrinsic permeability of approximately 1.2 x10® cn/sec, the authors predict
the oral absorption of STI 571 to be about 75-80%. This would be considered a low permeability
drug according to the BCS Guidance.

e The authéfs propose that the intrinsic permeability of STI 571 “is likely to increase longitudinally
along the intestine” due to its basic pKa of ~8.

Comments :

o Evaluation of several more concentrations of STI 571 would have enabled the investigators to
determine whether transport was saturable. This would have given additional information on the
possibility of an active transport mechanisms.

e Assessment of several pH transport conditions with STI 571 to determine if transport was actually
pH-dependent as the investigators postulate.

¢ A high permeability standard (propranolol) and monolayer integrity marker (mannitol) were used to
assess the cell model. Bi-directional transport of a know P-glycoprotein substrate would have
provided information on the level of expression of efflux for comparison to STI 571.

DPQR Conclusions )
STI 571 is a drug subject to efflux mechanisms and possibly active transporters. According to this
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specific series of experiments, STI 571 would be classified as a low permeability drug according to the
BCS Guidance as its*Pe is lower than its associated high permeability internal standard propranolol.
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APPENDIX 1V. WCOMWCS REVIEW
Pharmacometrics Review

NDA: 21-335

Volume: 38 of 73 volumes

Compound: Gleevec (imatinib mesylate)

Submission Date: 27 Feb2001 / 16 April 2001

Applicant: Novartis Pharmaceuticals Corp.

Pharmacometrics Reviewer. Joga Gobburu

Aim

“To establish plasma imatinib concentration (or dose) - response (desired / undesired) relationship, if
possible, toward dose optimization. Specifically, the review will attempt to answer the following questions:

1) Is there a concentration/dose - time to hematologic / cytogenetic / progression response relationship?

2) Is there a concentration/dose - survival relationship?

3) Is there a concentration/dose ~ edema relationship?

4) Is there a necessity to adjust the dose based on the above relationships? What are the important
prognostic factors?

Methods

Data

Concentration data from 3 phase Il studies (110, 109 and 102) and a phase 3 study (03_001) were
combined. The plasma concentrations were measured only in the US patients. The pharmacokinetics
(PK) database included 550 subjects with 3941 concentrations, in total. Effectiveness and safety data
from the 3 phase Il studies were combined. Out of 1085 total patients in all studies, study 109 had 58
patients who were not chronic myeloid leukemia (CML) patients. Although an active metaboiite, equipotent
to the parent, was identified, its exposure is limited when compared that of the parent drug. Hence the data
for this metabolite was not included in this analysis. -

Study 102 included CML patients in blast crisis. The first 37 patients started at 400mg dose, the protocol
was subsequently amended to allow higher dose and the remaining 223 patients started at 600mg dose of
imatinib.

Study 109 included CML patients in accelerated phase. The first 77 patients started at 400mg dose, the
protocol was subsequently amended to allow higher dosing and the remaining 158 patients started at 600
mg doqq of imatinib.

Study 110 included CML patients in chronic phase. All patients were treated at a starting dose of 400 mg.
In all the studies, most of patients continued to recsive the starting dose through out the study.
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The weight ranged bélween 40 to 150 kg and the age ranged between 18 to 90 years, in these patients.

Modeling

The PK data were modeled using nonlinear mixed effects technique (NONMEM, ver. 5, level 1.1). The
estimation was performed using the first order conditional method with interaction between the inter-
individual (/IV) and residual emrors.

The exposure - WBC relationship developed by the applicant was reviewed. The time to hematologic and
cytogenetic response, and survival data were modeled using Cox proportional hazard model and the
severity of edema (ordinal scale), as an adverse event was modeled using logistic regression (SAS, ver
5.0, level 1.1). —

Reviewer Comments on Applicant’'s PK and PD analyses: To be

conveyed to the applicant

1. The applicant’s original analysis was conducted using a data set with several formatting emors
pertaining to the dosing history of the patients. During the teleconference on April 5, 2000, the }
applicant agreed with the FDA reviewers that there were errors in the data set. The applicant ;
attempted to re-analyze with the comected data. The applicant subsequently submitted a revised '
analysis with a revised data set. This was again amended due to similar errors as found earlier. Even -
this analysis is unacceptable to the Office of Clinical Pharmacology and Biopharmaceutics because of ~
a dosing history error in at least five subjects (NONMEM 1D=9, 21, 270, 403, 535). A part of the data
under question from the applicant’s submission is shown below:

ID STUD DAY TIME AMT DV MOV EVIDSS Il SEX AGE WT -kAbE WBC BWBC CREA SGPT SGOT DOSE

21 102 1 475 0 28860 0 0 0 2 S5 805 1 486 486 618835 25 600
21 102 1 8.5 0 05630 0 0 02 5 805 1 486 486 6188 35 25 600
21 102 1 9.5 0 41780 0 0 0 2 &5 805 1 486 486 618835 25 800
21 102 1 103330 61250 0 0 0 2 55 805 1 486 486 6188 35 25 600
21 102 1 1091670 60030 0 0 0 2 55 805 1 486 486 618835 25 600
21 102 1 115 600 0 1 1 0 02 5 805 1 486 4868 6188 35 25 600
21 102 1 127 0 519 0 0 0 0 2 5 805 1 486 486 618835 25 600

In the above data listing, the first sample in this patient was drawn at 4.75 hrs and the concentration of
imatinib (DV) was 2.886 mg/L. The concentrations continue to be measurable and seem to be quite high till
10.9167 hrs. However, no dose appears to be given (see AMT column) till 11.5 hrs. Hence, this data set
is not acceptable-and the results derived thereof cannot be used to make labeling claims. The analysis
presented in this review excluded data from such subjects.

2. The applicant’s analysls used a model that was not well justified. A full variance — covariance matrix
was estimated with out any proper mechanistic rationale. It is not clear why the random effects of the
absorption constant were correlated with the random effects of clearance and volume of distribution.

3. Th\e'applicantalsoaddeddoseasacovaﬁatetodescﬁbeMdiﬂerencesmmeabsomtionmte
constant across the population. The point estimate of the siope of the linear relationship between the
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dose and absorpgion rate constant was reported to be ~0.254 with a large standard ervor of about 93%.
Doseasa covan'a;e is not providing reliable information and hence should be dropped.

Due to the above flaws in the applicant's analysis, the reviewer re-analyzed the data. The results are
presented in the review. The aim of the reviewer's re-analysis was not only to axplore the population PK
but the concentration - response relationships of all the important end points.

The applicant’s analysis of the exposure — WBC reduction relationship showed that aimost all types of
exposure measures (dose, AUC, Cmax,ss, Cmin,ss, duration above 1uM concentration) are good
predictors. This analysis was based on the data collected in the study 03_001, which has a relatively wider
dose range of 25 to 1000 mg. The EDS50 was estimated to be about 40 mg. This translates to a
concentration at steady-state of about 0.16 mg/L. Although, overall the conclusion wouid not change, the
sponsor should consider re-evaluating the PD inhibition model that was used. The definitions of the terms
do not seem to be appropriate and widely accepted. Specifically, the inhibitory Emax model has the
following form:

E max- Dose
WBCyqy28 = WBCgay1 - (1-——)

EDSO +Dose (equation 1)
Where, WBCday28 is the WBC count on day 28, WBCday1 is the WBC count on day 1 (baseline), Emax is
the maximal fractional inhibition by the drug (has to be less than one) and EDS0 is the dose required to
achieve half of Emax. The equation 1 can be re-amanged as follows:

WBCqay2s _,  Emax Dose
WBCday1 EDso +Dose

(equation 2)

Equation 2 uses the ratio of WBC counts on day 28 to day 1. If one assumes that the drug completely
inhibits the WBC counts, then Emax can be fixed at 1. . However, the sponsor used the following equation:

WBCay28 Dose
—— =Emax- (1~ ———)
WBCday1 EDso +Dose (equation 3)

When there is no dose given, the right hand side equals Emax. As evident, the original definition of Emax
is not valid any more!

Results and Discussion (from the reviewer’s analyses)

Phannacoklnetlcs

‘:.“:‘.‘w; f % ie i i I ;:
used his best ji nt fo xclude an :ents with S dat Patient mth NONMEM 1D=21
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270, 403 and 535 found to have nonsensical dosing/concentration data and hence were removed
from subsequent andlyses. It is with the best belief that the other data are in place, the models developed
should be interpreted.

A simple one compartment model described the PK of imatinib. Model with weight as a covariate
(objective function value (OFV)=-1099.5) to describe the inter-individual vanability of clearance (CL) and
volume of distribution (V) performed better than that without any covariates (OFV=-1163.2). Body weight
correlated with the PK parameters using the aliometric equation. Body weight is known to influence CL and
V, based on historic data and is seen again for this drug. A model with volume of distribution being
affected by age, in a linear fashion, yielded a much better OFV of -1191 (p<0.01). The clinical studies
included patients between 18 and 90 years of age. Imatinib possess a rather large volume of distribution
of about 177 L in a 70 kg person of 50 years age. However, the slope of the age - V relationship was
estimated with a large standard emor and hence it was dropped from the model. Age aiso affected CL.
higher the age slower the CL. Figure 1 shows the observed and predicted imatinib concentrations. The
individual posthoc predictions are more evenly distributed about the line of identity than the population
predictions, which under-predict higher concentrations. None of the covariates (gender, race, liver
enzymes) could describe the IV further and consequently reduce the prediction bias. The final PK
parameter estimates are provided in Table 1. Where available, the estimated individual PK parameters
were used to predict the plasma concentrations to drive the pharmacodynamic model. Patients in whom
plasma concentrations were not measured, the population typicat PK parameters were employed to predict
the concentrations.

Figure 1. Observed vs. population and individual posthoc predicted plasma imatinib concentrations.

-d
[ ] [« (o]
AL I 1

N

, Pndde Concentration, mgi.
[ )

o 4
r

E

83 T

3

.

-



M

Table 1. Population PK parameter estimates of imatinib.

—CL v Ka Beta  Agecl
L/h/70 kg/S0yr L/70kg/S50yr  1/h 1hyr
Mean 10.4 213 1.05 0.746 -0.035
SE (%) 2.0 2.1 48 8.5 35.7
IV (% CV) 38 37 75
SE (%) 8.5 7.7 11.6
CORR(CL,V) 0.768
Residual Error 29% 0.12mg/L
(proportional) (additive)
SE (%) 6.8 33.1

Note: Allometric equations were used to describe the CL (beta is the exponent), V and WT
relationships. A linear equation (Ageci*(AGE-50)) was used to describe the relationship between age and
CL with a slope of ‘agec!’.

Pharmacodynamics: Effect on WBC

The data pertaining to the WBC counts are available only during the treatment with imatinib. No data to
understand the offset of the drug effect are available. Further, exact dosing history in all patients through
out the study was not available. Due ta these reasons, sophisticated mechanistic based modeling could
not be undertaken. But descriptive statistics allowed better appreciation of the effect of the drug on WBC
counts. Figure 2 shows the dose dependent decrease in the WBCs. -The ED50 was found to be about 38
mg (reported by the,applicant). As the shown in Table 2, the meari WBC count at the end of the study is
between the mean”at the beginning of the study and meary minimum during the complete study period.
This suggests that WBCs significant fraction of the patients were lower than the normal range and had to
probably reduce the dose-and/or stop dosing for some time.

Figure 2. Time course of WBC count after the administration of imatinib.
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Table 2. Summary statistics of WBC counts for the different studies. The geometric means of WBCs at the
beginning (BEGIN) and end (END) of the study, and minimum (MINIMUM) across the study are_shown.

WBC Counts, 10°/L
STUDY CML BEGIN END MINIMUM

102 Chronic 24.25 10.35 1.89
109  Accelerated 16.10 7.51 1.70
110 Blastcrisis _ 13.93 5.01 2.69

Pharmacodynamics: Survival and time to response —

Figures 3, 4, 5a and 5b show the survival probability curves for the pharmacodynamic variables - survival,
time to hematologic response, cytogenetic response and time to progression. Covariates such as disease
state, dose, steady-state concentration, age, weight and gender were tested. For the survival end point,
the only influential covariate was the disease status (i.e., whether a given patient was in the chronic,
accelerated or blast crisis phase). The median survival time was estimated to be 13.47 months and 6.3
months for the accelerated and blast crisis phases, respectively. Since most of the patients in the chronic
phase survived beyond the study duration, the median survival time could not be estimated. The time to
hemotologic response for all the three disease states seemed to be quite comparable, with a median time
to hemotologic response of about 0.8 months. The time to cytogenetic response in the chronic and
accelerated phase patients differed from that in the blast crisis patients. The median time to cytogenetic
response was shorter in the blast crisis patients (about 2.5 months) than the others (about 5.5 months). It
appears that the severely diseased patients (blast crisis) respond to the drug faster when compared to the
other patients. It should be noted that most of the patients in blast crisis phase received 600 mg while
those in the chronic phase of CML received 400 mg. Hence, dose could be conceived as a confounding
factor. However, the range of concentrations in both the dose groups is somewhat overiapping. The
doses are only marginally apart and considering the inter~individual variability, it is aimost impossible to
expect different exposures at the 2 tested doses in the first place. This weakens the argument that the
higher dose produces shorter times to cytogenetic response. There are other issues that relats to lack of
randomization in order to get the right significance level and parameter estimates for the effect size. The
design has severattnfounding issues for an efficient analysis to be conducted. For example, the duration
since disease diagnosis seems to be longer for the patients who received 400 mg versus those who
received 600mg, in study 102.
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Figure 3. Survival pr?jbabilﬂy of patients for the 3 different phases of CML, for the survival variable.
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Figure 4. Time to Hematologic Response: Percentage of response (among responding patients) for the z
3 different phases of CML.
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Figure 5a. Time to Gytogenetic Response: Percentage of response (among responding patients) for the
3 different phases of CTML.

=
o |
o
© Madian ime © resgonse (CR) = §.56 monthe
o
-
(-]
* ——
o
(-]
Blest crisis
o | ‘denwen (CR)» 248 1 |
Q
0 2 4 8 8 10 12
Time, months

Figure 5b. Time to Progression: Percentage of non-responding patients for the 3 different phases of
CML.
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Pharmacodynamics: Edema (adverse event)

Edema, as an adverse event, observed in the patients was recorded and was given a toxicity grade on an
ordinal scale ranging from 0 to 4. A grade of zero implies no edema observed, 1 implies asymptomatic
(not requiring therapy), 2 implies symptomatic (requiring therapy), 3 implies symtomatic edema limiting
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function and unrespofsive to therapy or requiring drug discontinuation, and a grade of 4 implies anasarca
(severe generalized)“edema. Only one patient had a grade 4 edema, hence this patient's grade was
considered as grade 3. This will not effect the conclusions about the probability of edema. Separate
analysis was conducted for each of the CML disease states. Out of several covariates tested, the steady-
state concentrations and age were found to influence the probability of the occurmence of edema. Higher
concentrations of imatinib (in patients with accelerated or blast crisis CML) and older age increase the
probability of edema. The final parameter estimates for the accelerated and blast crisis phase patients are
shown in Tables 3 and 4, respectively. Figures 6 and 7 show the probability of the occurrence of edema in

these 2 populations.

Table 3. Estimated parameters describing the probabilities of various grades of edema, in accelerated

phase patients.

Variable Parameter SE Chi-Square Odds

Estimate p-value Ratio
INTERCP1 -8.14 1.08  0.0001
INTERCP2 -5.36 0.84  0.0001
INTERCP3 -3.41 0.77  0.0001 .
Css 0.57 0.19  0.0166 1.77
AGE 0.03 0.01 0.0236 1.03

Note: The data included only the CML patients.

Table 4. Estimated parameters describing the probabilities of various grades of edema, in blast crisis

patients.

Variable Parameter SE Chi-Square Odds

Estimate

p-value Ratio

INTERCP1 -7.63 0.87  0.0001 .

INTERCP2 -5.60 0.78  0.0001 .

INTERCP3 -3.46 0.73  0.0001 .
Css 0.60 0.18 0.002 1.83
AGE 0.03 0.01 0.005 1.03

Note: The.data included only the CML patients.
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Figure 6. Probabilitﬁqf a grade 3 edema occurrence in blast crisis CML patients as a function of steady -
state concentration and age is shown.

= Grade 3)

00 025 050 0TS 100

wvwl

ey

Ad09 31815S0d 1534

Figure 7. Cumulative probability of a grade 2 or higher edema occurrence in blast crisis CML patients as a
function of steady - state concentration and age is shown.
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Figure 8. Probability Qf a.grade 3 edema occurrence in accelerated CML patients as a function of steady -
state concentranon and ‘age is shown.
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Figure 9. Cumulative probability of a grade 2 or higher edema occurrence in accelerated CML patients as
a function of steady - state concentration and age is shown.
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Conclusions
The answers for each of the questions raised are provided below:

Is there a concentration/dose - time to hematologic / cytogenetic response relationship?
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No, the time to a Bemtaologic / cytogenetic response could not be correlated with either dose or
concentration. This™is because of the proximity of the doses to each other. The range of the
concentrations, due to the inter - individual variability, are overlapping for the 400 and 600 mg doses.

Is there a concentration/dose - survival relationship?

No, the survival of the patients could not be correlated with either dose or concentration. This is because
of the proximity of the doses to each other. The range of the concentrations, due to the inter - individual
variability, are overiapping for the 400 and 600 mg doses. But it is understood, through discussion with the
medical reviewer, that the median survival time is longer than placebo or other cumently approved
treatments (from historic data).

Is there a concentration/dose - edema relationship?

Yes, there is a strong concentration — edema probability relationship. While the cost of having an edema
at the benefit of having prolonged survival is considered acceptabie, this information needs to be conveyed
to the prescriber via labelling (see labelling recommendations below).

Is there a necessity to adjust the dose based on the above relationships? What are the important
prognostic factors?

While there appears to be no concentration - dlinical end_point relationship, there appears to be a
concentration — adverse event relationship. The fact that studies 102 (blast crisis CML patients) and 109
(accelerated CML patients) employed mostly 600 mg offers no knowledge about the effectiveness at 400
mg. The probability of having the manifestation of edema seems to be particularly important when plasma
concentrations are greater than about 4 mg/L, in the elderly patients. The exposure - response curve is
rather sharp from 4 mg/L onwards. The shape of the curve and the estimated parameters are comparable
for the both accelerated phase and blast crisis patients. A word of caution also needs to be given when
interpreting these results. The drawback of not having concentration measurements in the non-US
patients was overcome by assuming that the clearance (and thus the steady - state imatinib
concentrations) in these patients was similar to that of a US patient with matching body weight and age.
For example, a patient in Europe who weighed 70 kg and was 50 years old was matched with a patient
having similar demographics from the US population in whom PK sampling was performed. Further, the
occurrence of edema was modeled by using an ordinal scale and the time course of edema was not
modeled. It is possible that the patient would have been treated for edema with other drugs or the patient
would have reeovered without treatment. In either case, it will be interesting to investigate if the edema
comes back with imatinib therapy. Nevertheless, the finding calls for some further probing into this aspect
by the applicant.

The answer to whether a dosing adjustment of some sort iS necessary or not, needs further elaboration.
Two scenarios are considered: (1) one in which Grade 3 edema is acceptable as an adverse event and (2}
another in which Grade 3 edema is not acceptable and should be minimized.

Scenario#1: When Grade 3 edema is acceptable (in the sense of ‘reversibility’) at the cost of having the
desired effect, then all patients should start at the highest dose studied and then decrease the dose should
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a dose - limiting adurse event happen. But, there is no evidence in the submitted database that 600 mg

is superior to 400 mg. May be a dose of 300 mg could produce equal effectiveness with a better safety
profile!

Scenario#2: When Grade 3 edema is not acceptable at the cost of having the desired effect, then all
patients should start at the lowest effective dose studied and then increase the dose in a manner
suggested by the safety profile of the drug. All the other prognostic factors such as body weight, age and
CML disease status need to be considered then to come up with individualized dosing. Also, taking one
blood sample may be necessary to ensure that the patients have concentrations below 4 mg/L. But even in
this case, there is no evidence that the 400 mg is THE lowest effective dose.

Age: The influence of age diminishes at higher body weights. But at lower body weights, for example a 40
kg person who is 20 years oid has a clearance of 6.58 L/h versus 5.28 L/h in a 65 year old. There is
considerable change in the probability for edema (Grade 2 or higher) as evident from Figure 11.

Body weight: Figure 10 shows the distribution of concentrations in patients who received a dose of 600 mg.
The distribution of the concentrations is wide spread signifying the inter - individual variability that can be
expected for a fixed dose across the patients. The probability of having edema (Grade 2 or higher) is
about 20% for a 50 kg person and 10% for a 100 kg person. This is just an average case. Due to the
unexplained variability, these patients could have a much higher concentration (as evident from Figure 11)
in which case, the probability of the adverse event increases rapidly. But the inter-individual variability
does not permit for efficient dose adjustment. Therapeutic monitoring may be necessary for individualized
dosing.

Figure 10. Distribution of observ; /ed concentrations from trials 102, 109 and 110 in patients who received a

dose of 600 mg. The mean”concentration is about 3 mg/L. Considerable number of patients had
concentrations much higher than 3 mg/L.
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Figure 11. The influgnce of administering a dose of 600 mg to 3 typical’ patients with body weights 50, 100
and 150 kg. The prdbability of having a Grade 2 or higher edema as an adverse event doubles for the 50
kg person when compared to 100 or 150 kg person.
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Labeling Recommendations

1. Applicant proposes:

DrasT LAbeling

Recommended:
Move the section tophannaookheﬁcs. The text should read as follows:

DRAET LABELING

2. Applicant proposes:
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Recommendation to the Applicant

The most important drawback of the submission is the lack of sound rationale for the dosing strategy. The
available database does not permit derivation of an ‘optimal’ dose or concentration. The reviewer's
analyses suggests the hypothesis that the 400 mg and 600 mg produce identical effects cannot be
rejected. Further, the manifestation of edema appears to be concentration — dependent, particularly when
the concentration is above ~ 4 mg/L. This aspect should be taken into account to optimize the dosing
strategy of imatinib. Ongoing and future clinical trials should try to target particular concentrations below,
equal to and above 4 mg/L and analyze the data to test if lower concentrations produce similar
effectiveness as higher concentrations but with a better safety profile.
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